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TO MIE CITIZERE OF THE FETATE OF NEVADR

Thie Flanning Aepors entitled "Nevads'a Waker Esgouzces’
1 ofe pf & serias of repoctie beirg preapaged se & part of Ehe
devnlopment of thke Stata Water Flan, This fvpoft wan prepasred
'EI"I' Bruca kK, Bopte afe) Thosas J, Smales of the Diviajon of Watelr
Reapusces and F. Popens Rush and A_ 5. YVan Denburgh of the 1. 8.
Gegloegical Sarvey.

Moet of the tnformation presented in Lhe report is a
product of “he coopetative program betwesn the U. 5. Oecioglos|
Burwvoey and the State of Novada. Much of the Jdata are from Watar
Respurcas Bulleting and Waker R&soufcesd Mocofssls@stde ZSefies
Tepo e pf tha Fevala Divielon of Water Besouiced, mp-i.l'l‘_“'l'l.
of Congarvation and Natyursal Besources,

A hydrologic swssary L presented for the Btate and
avarage snegal precipitatlon, awerage growing seancns, Rurface
water rfundfl, ground water recharge. perennial ylelds, and sysftam
yielda ard glves for the 73] hypdicgraphic areas al the stase,
Algg made & part of tha report o s map of Hewvads which shows
ertimatm] amoukts 0f sarface dd ground water [low between Tydfo—
graphic areas, BOLh patural and mapsad=., Tha map &lec 350wy anfssl
tuncf [, perennial yield amd grownd water storsge in the top LO0
feet o! maturated depostila.

Tha larger and better Wweien spriocgs of Neveda are zdentified
Inm the fopodlt kfad the sorfate Afdd and Capacity of the primcipal
raservolre and lakes of Mevads are glven, Areas RRowWn Lo have poor
guality ground weter are alen ahown.

Thie rFepart conrptitutes ap invantory of Lhe watar Tosoeiced
of the Hrate and represants Lhe watar supply preEsently avazlable
e Mevads,

Respectinliy,

i ___.?-.?_
0 o donp -
In « Westergard o
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WATER FOR NEVADA

NEVADA'S
WATER
RESOURCES

INTRODUCTION

Althounn watér iz 35 necessary 1o 1ifd on erih gt
&ir, 13 supply is not 23 unpaorsally vl digtributed, 1t
has theslore been the subject of o vt body of
research and sciontific study.,

I an arid state FEa Novade, ahesa 1§ ks recarded
ns more valuable then the prodious metals heing
baneath this rogged Terian, the sarch for water his
inenired hope, drsgms - and rumos, Amd resacly all ol
Tl hasg Doem af recuming — and a5 theeling — o
mirgea. For [nstonca, ssmacng deliing far oll i the
L Vege: Valloy onos repoctsd e hgd “discovered™
an undemround rlver — a rver go large that it would
have molved &Il of the water problems in soathemn
Nevardn fw genertions. Unhappity, of coures, the
disooveny could nevar ba substantiznad

it 5 the purpost of 1his rmpor, the resalt of 100
yoars of study: and ressarch, 1o svoid tha dreams and
rumors, and oo ey out ths tects snd Faguess reoanding
Mevada's walar resturces. Thirougi that meinod [t
will vadersotre the premiss that until such tima as
geEnuine new underground sDurcss are discoveed, or
westher modification is perfactad, or water impoetad,
Nevada must recognize what her resoufcss afo and
By Dot 1o orse Thism

PART 1

Hutory

Cultraation in Mevndn bagan n o madern sanae
plmcost a8 soown o The white setylers arrived, As nearly
by can be detecrmviped, The aarliest prionify. af use ol
wiler fod drigation ook place o 1848, whan b
pionesr ok water fiom the Mexican and Dutch Nidk

Ditety near Emplre, o0 the Corson River, prosumilly
for the irrigatlon of mesdow grases Howegr, the
{irsl specific mention in hitorical recods of i
pation wos 61 Mormon Station (row Gonoa). Indi
yldual solllors rafsed irrfgsied cropy B3 aip
thimeebas, 60d B supply the gold ==keis
patsed through e area on their vay 10 Calilormia,
Not long afterwards, 2 small Mormon Gutpost ot
Las Vegds was established s ¢ way stabion on the
rogd . from tha Ueh settlements 1o Southem Call
fornls - polnis, As neer o Mm@y e peceriained, the
corstruction on Jum 18, 18856 of an kerigutian
diversion In Las Vegas Creell by the Los Vagas
colonista — thay colled this dversion i @ect - marked
the beinening Of thie first orgamaged irrigaton gystem
in i preaont Stale o) Nowods. Froon thiddieersion a
gystem ol ditches was leid ouf 10 irigate the colony™s
Foacre of crop and garden sres
Movirda lorestir-uztarion, Victor Goodean hay
dohor inta the history of this mooest Bal sicsesstil
corwnunity ot Loe Viogas - tha firme Mormon settls
met 1 be estabilished in Soathern Mevada — and
writtun thiv dascriptiun, which flhsiial=3 the sxnifi-
cance af rigation n those earty days o IFs growih
of e arkd Stato of Mevada
"{]‘r. J'urlc.' 111, 'fE-'jﬁ., most of  the 30-man
solonizing group from Grear Salt Lake Valley
sroved in the Las Veges Walley meadoss, slong
iher Qg Spanish Tralt about four miles beiow the
Iwo large artésan  sprimngs  whicn fommed g
wurce of the Las Vogas Wadh, L Thasa springs .1|.
porey lcorperatesd in & lnrge chty WIsr ressiosT,

which covers Thelr site.]
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"The colonists wasted no time in starting
construction of their settlement. It lay about a
mile north of what is now the intersection of Las
Vegas Boulevard and Fremont Street in down-
town Las Vegas. On June 18, 1855, they began
laying out the foundations for a fort, and
surveyed and partitioned the farming land into
parcels, and made a beginning on an irrigation
diversion structure in Las Vegas Creek.

“Below the fort area, the arable land along
the stream bottom was divided into 15 five-acre
pieces, giving each of the 30 settlers a garden plot
of two and one-half acres. The men began
clearing off and planting their garden plots that
same day — June 18.

"A contemporary description of the settle-
ment site said that a meadow about a half mile
wide and two or three miles long bordered Las
Vegas Creek. Above this rose the 40 to 50 foot
high bench, on the slopes of which the fort was
located. Las Vegas Creek (Wash} was pictured at
that time as a ‘pretty, clear stream of water,
about the size of a common millrace’ flowing
through the valley.

“The last work on the system of irrigation
ditches was completed on July 23, a little over a
month after the diversion structure in Las Vegas
Creek had been started. By early August, the
colonists were beginning to harvest their first
crops — corn, oats, wheat, and such garden truck
as squash, peas, beans, etc. Because of the late
start in getting crops planted, the harvest was
described as not bountiful, but at least
adequate.”

Interrelated factors drastically affected the
spreading and early development of irrigation in
Nevada. Raw, boisterous mining camps sprang up by
the score on the Nevada frontier. As western mining
camp historian Duane Smith has pointed out, the
mushroom growth of these booming urban areas on
an otherwise raw and primitive land called for the
quick, full-scale development of agriculture, logging,
and various service industries near by. This growth
also demanded the creation of an efficient network of
railroads, stage lines, and toll and freight roads, to
transport the needed people, materials and products
to the camps, and ore and bullion away from them.

The thirst which these booming early mining

camps had for water is illustrated in the following
account of the completion of the pipeline supplying
water to Virginia City and Gold Hill.1 (See Page 13)
August 2, 1873 — The pouring into this city
of Gold Hill of a large stream of water from the
Eastern Summit of the Sierra Nevada Mountains
at 6:45 last evening, marked an epoch in the
history of the Comstock, and was the signa! for a
general jollification and rejoicing of twelve or
thirteen thousand people. Bonfires and rockets
girdied old Mt. Davidson for hours and cannons
continued to roar until a late hour in the night. A
stream of 163 inches of water (about 1717
gallons per minute) poured through the flume
into Builion Ravine, between this city and Gold
Hill. The water was turned into the pipe on the
Sierra at noon yesterday and reached here in six
hours and forty-five minutes. It had been esti-
mated that it would take the stream eight hours
to reach here, a distance of twenty miles, 130
feet.

Because of the arid nature of the land, only
irrigation, in areas where it was even possible, would
assure enough food for the camp populations, the
freight and stage teams, and the domestic livestock.
Moreover, the vast expanses of range land on which
the increasing thousands of head of cattle grazed in
spring, summer, and fall could not always support
them in the winter. That required a home ranch with
available feed in the winter — and that, in turn,
demanded irrigation.

Much acreage along Carson River from Genoa to
Dayton was devoted to producing potatoes, onions,
and small vegetables for Virginia City and other
western Nevada mining camps. Out of Paradise
Valley, Lamoille Valley, and at other locations along
the Humboldt River also came grains, fruit and
vegetables.

Alfalfa was introduced early in Nevada and,
where land and water conditions were favorable, it
became the main cultivated hay crop. When the mines
were worked out, alfalfa replaced the cultivated truck
garden crops which the local markets had depended
on in the boom days.

Pumping from wells {ground water) for irrigatiom) |

became significant about 1950, after the desert lan
entries began to pick up momentum. Records
indicate that individuals have gained private title to
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The system now consists of 135 stream gaging
stations. Of these, 16 are in the Colorado River Basin,
21 in the Walker River Basin, 12 in the Carson River

asin, 22 in the Humboldt River Basin, 35 in the
6uckee River Basin, 13 in the Snake River Basin and
16 on various streams within the state.

However, this does not include all streams in
Nevada; it would be almost impossible to maintain a
gaging station on each stream in the state. Fortun-
ately a method of estimating the main runoff of
ungaged mountain sites using streamflow records and
topographic maps has been devised. The Geological
Survey Professional Paper 525-D by H.C. Riggs of
Washington, D.C. and D.O. Moore of the Carson City
office of the Geological Survey describes the method
in detail.

Both this method and the records of stream
gaging stations have been used in the compilation of
Table 4.

GROUND WATER

iIn 1911 Everett Carpenter made a study of
ground water in southeastern Nevada. The results of
this and additional observations of wells in the Las
Vegas Artesian Basin (made in 1913 by O.E. Meinzer)
were published in the Geological Survey Water
Supply Paper 365 in 1915. This study was the first
ground water investigation in Nevada to be published.
Late in 1905 residents of Las Vegas organized
,e Vegas Artesian Water Syndicate to prove by
est-well drilting the existence of artesian water in Las
Vegas Valley. In the spring of 1907 the group drilled

NEVADA'S WATER RESOURCES

the first flowing artesian well there, and reported a
flow of approximately 20 gallons per minute. The
syndicate drilied two more successful artesian wells in
1907 and 1908, and several individuals also drilled
wells during this period. By the time Carpenter made
his study in 1911, he found about 100 deep wells of
which 75 were flowing, and about 25 shallow wells.

The first reported attempt to develop artesian
water in Pahrump Valley came in 1910 when the
Pahrump Valley Land and lIrrigation Co. unsuccess-
fully drilled a well on the Pahrump Ranch.

More successful was F.A. Buol; of four wells he
drilled in 1913 just north of the Pahrump Ranch,
three encountered artesian water that flowed at the
land surface. By 1916, 28 wells dotted Pahrump
Valley, 1b flowing. Seven were more than 150 feet
deep but were nonflowing, and six were shallow
nonflowing wells.

Studies pertaining to ground water were limited
to the Las Vegas Valley and Pahrump Valley for
many vears because residents of other areas in the
state were developing their surface waters and were
not too interested in ground water.

In 1944 the state engineer entered into a
cooperative agreement with the U.S. Geological
Survey for a complete study of ground water in Las
Vegas Valley and Pahrump Valley. In 1945 the study
was expanded statewide.

Success in the development of lands under the
Desert Land Act in the 1950’s generated interest in
many valleys where development opportunities
existed, but where no information as to ground water
possibilities was available. The 1960 legislature
authorized a special ground water reconnaissance
survey to make pertinent information immediately
available. Most of the valleys in the state are now the
subject of the reconnaissance reports or water re-
sources bulletins.

These reports and bulletins were used extensively
in the compilation of Table 3.

THE WEATHER

It is an impressive fact that 54 million ac. ft. of
water fall on Nevada every vyear in the form of rain
and snow. Much less impressive is the fact that only
3.2 million ac. ft. run off from the mountains, and
only 2.2 million ac. ft. recharge our ground water
reservoirs. The rest continues in the hydrologic cycle

6




WATER FOR NEVADA

through evaporation and transpiration.

An estimated 1,320,000 ac. ft. of water which
originates in California, Oregon, Idaho and Arizona
flow into Nevada. However, there are approximately
850,000 ac. ft. (surface water, plus ground water)
which flow from Nevada into California, Oregon,
Idaho, Utah and into Lake Mead. (This outflow will
be offset somewhat when Nevada uses all of its
allocation from the mainstream of the Colorado River
— 300,000 ac. ft.)

Another impressive figure is the 25 million ac. ft.
of surface water storage capacity in our lakes and
reservoirs (exctuding Nevada’s portion of Lake Mead,
Lake Mohave, Lake Tahoe and Topaz Lake). Of the
25 million ac. ft., Pyramid Lake contains approxi-
mately 20,500,000 ac. ft. and Walker Lake approxi-
mately 3,000,000 ac. ft. The average annual gross
evaporation from these two large bodies of water at
the volumes shown above is 440,000 ac. ft. and
170,000 ac. ft. respectively.

Weather Modification

On a statewide basis, Nevada is the most arid
State in the nation with a mean annual precipitation
rate of 9 inches. It is because of this dry environment
that in Nevada there is always a greater demand for
water than there is water available. It is thus
understandable that some of our citizens have caused
great uproars over proposals 10 acquire new sources.

One such incident was the filing of an application
for the water of ""all the clouds over Nevada that may
pass over said ranch’’, by Richard R. Maman and
Freeman E. Fairfield on Nov. 29, 1947. |t caused
something of a sensation because although rainmakers
have plied their trade for centuries, cloud seeding, a
scientific approach to weather modification, was an
unknown quantity.

When the application was publicly disclosed in an
editorial appearing in the Reno Evening Gazette of
Dec. 1, 1947, repercussions immediately followed.
The first came from the Arizona Cloud Ropers, Inc.,
originally organized to get even with California over
the Colorado River lawsuit. Next the Salt Lake City
Chamber of Commerce threatened to go to the
federal court for an injunction. This was countered
by Nevada’s threat to tax Utah for the clouds floating
over Nevada.

By Jan. 8, 1948, the issue had grown to such
proportions that the London Times, editorially and
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gravely, advocated nationalization of moisture-
bearing clouds and vesting their control in a "‘board
of nebulous planners.”

Because of the legal ramifications, the Maman-
Fairfield applications became the subject of an article
in the Stanford Law Review, and attorneys from New
York City, Kansas City and even South Africa made
serious inquiries.

Largely as a result of such reverberations, the
application was returned to the applicants for
additional information. But they apparently had had
enough and never pursued it: It was cancelled on
March 6, 1950.

Rainmaking, now called weather modification,
has been tried in other areas of the state but has met
with varying success.

However, the U.S. Bureau of Reclamation has
been encouraged in its “Project Skywater'’, a weather
modification program being conducted on the

western slopes of the Sierra. The Desert Researcigs
Institute of Nevada is presently engaged in a simil

project in an attempt to augment the water supply
for Pyramid Lake.

Climate

Weather observation is one of the most impor-
tant sources of information in evaluating water
resources. Not surprisingly, much of it is gathered by
individual Nevadans.

Among the first contributors to our knowledge
of the climate of Nevada were the railroads. In the
early days the railroads established many stations
along the route to service their trains as they moved
across the state and as bases from which to maintain
the tracks. They also became locations for the
collection of weather observation taken by people
who lived along the right-of-way. With the advent of
the diesel locomotives, it became possible to decrease
the number of stations, but three still continue to
compile weather data.

fn February, 1887, an act was passed by the
Nevada Legislature to establish a weather service in
the state. Charles W. Friend, its director, acted as
observer at the Carson City observatory — which was
the collection point for the Nevada Weather Service —

from 1880 to 1906. Except for some of the Souther'
Pacific Railroad stations, Carson City has the longesW

period of recorded weather observation in the state.
A major problem in maintaining the cooperative

1Y
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weather records in Nevada is the sparse population.
We still must rely, because of that, on dedicated
individuals to a large extent. Yet a key contributor to
our knowledge of Nevada weather is the State
Highway Department. Of Nevada's 106 full clima-
tological stations (as of September, 1970) 12 are
maintained by this agency — most of them at
comparatively remote highway maintenance stations.
Although weather reporting means extra work for
them, these stations willingly cooperate and are thus
invaluable in maintaining continuity of records.

Over half of the full climatological stations are
maintained by individuals. Many of these 58 stations
are located on isolated ranches, miles from town,
some without telephone. Without the excellent
records these public-spirited Nevadans keep for their
stations our weather knowledge would be seriously
limited.

The dean of weather observers in Nevada was
C.P. ""Pop" Squires of Las Vegas. Born May 22, 1865,
he began taking observations in 1909 for publication
in his newspaper, the Las Vegas Age. He retired as
editor of the paper in 1949, but continued taking
observations until January, 1957. Others worked as
faithfully.

One such observer was Mrs. lrene (Williams)
Metzler of Tuscarora. A life-time Nevada resident, she
helped run a cattle ranch, yet found time to maintain
a weather station from Nov. 1, 1917, to Nov. 1,
1953.

Another was Mrs. W.H. Churchyard of
Yerington, who helped her husband from Jan. 1,
1918, until he died in 1929. Then she took over sole
responsibility of maintaining the station, continuing
10 take observations until her death in 1960.

As might be expected, many state and federal
agencies participate in the program. Besides the
regular U.S. Weather Bureau and Federal Aviation
Agency observers, other cooperators include the Soil
Conservation Service, Forest Service, Fish and Wild-
life Service, University of Nevada, water conservation
districts, Kennecott Copper Corp., Division of Water
Resources and many others.

The records compiled by all of these weather

precipitation for most of the 254 hydrographic areas
and sub-areas of the state.

This information is set out in Table 2 of this
report. The weather observer’s records are also used
to determine recharge to ground water reservoirs
listed in Table 3.

PART 2

Source of Data

Data presented in this report are a product of the
cooperative program between the U.S. Geological
Survey and the State of Nevada. Most of these
estimates are from Water Resources Bulletins and
Water Resources Reconnaissance Series reports of t
Nevada Division of Water Resources — Department 4
Conservation and Natural Resources.

In Table 1, references are made to these and
other reports.

In the following tables, data are presented for
254 subdivisions of the state, called ‘hydrographic
areas”’. These are grouped into 14 hydrographic
regions, or basins. Blank spaces in the tables indicate
that those particular units of hydrologic information
are unknown or undetermined at this time.

A map of Nevada (Fig. 5, in the pocket attached
10 the rear cover) shows estimated amounts of surface
and ground water flow between hydrographic areas,
both natural and man-made. This map also shows —
for each hydrographic area where information is
available — annual runoff, perennial yield and ground
water storage in the top 100 feet of saturated
deposits. Note that values on this map have been
rounded to the nearest 1,000 ac. ft., and that the
arrows shown give only the general area where the
estimated flow crosses the hydrographic boundary.

The figures shown on the tables as well as the
accompanying map of the state (Figure 5) are
estimates. Much of the information presented is based
on the results of the Division of Water Resources,

observers combine to give us not only a clear and
accurate picture of the average annual precipitation,
but also such vital information as minimums and
maximums, the average growing seasons and the total

Department of Conservation and Natural Resources g,
U.S.G.S. Cooperative Studies. These studies are at X’
reconnaissance level. They are useful for broad
planning and general information, but these figures

9



are not necessarily suitable as a source of information
for local or detailed planning.

The word “‘minor” on both the map and the
tables is used to indicate a quantity which is either
less than 500 AF/year, or, when compared with other
data in a specific hydrographic area, is small. Thus, a
“minor’” amount in a relatively wet valley could be
many times the size of a guantity termed ""minor” in
adry area.

The word “'some’’ is used to indicate a significant
guantity of water. However, sufficient information is
not presently available to make an estimate of the
amount.

The general term ‘‘hydrographic area’ is used
mostly in place of "valley’. But it also applies to
areas called flat, desert, basin, meadow, area,
segment, playa, wash, canyon or mesa. The names of
the hydrographic areas, in most cases, are the names
used by people who live in and near those areas.

Most of the boundary lines of hydrographic areas
are drawn along topographic ridges, as interpreted
from the most detailed topographic maps available.
But in some tocalities, the lines are drawn across
nearly flat alluvial terrain.

THE HYDROGRAPHIC REGIONS

Large-scale unifying hydrographic features which
were the general basis for grouping the regions and
basins fall into three broad categories: (1) drainage
basins of large regional streams; (2) drainage basins
that have no large regional stream; and (3) groups of
mostly topographically closed valleys.

Those basins in the first category are commonly
linear in form, with most valleys forming segments
like links of a chain. The regions included in this
group are the Snake, Humboldt, Truckee, Carson,
Walker and Colorado river basins.

Drainage basins which have no major regional
streams (second category) are the Black Rock Desert
region and the Great Salt Lake, Escalante Desert and
Death Valley basins. In the Nevada parts of these
regions, the drainage may enter the sink area from
several directions, but carry little streamflow.

The third type of hydrographic regions and

'sins (closed valleys) is isolated from the other
similar groups and includes the Northwest, Western,
West Central and Central regions.

NEVADA’'S WATER RESOURCES

Herewith is a brief rundown of the regions and
basins.

Northwest Region: Covers 3,073 sq. mi. of
Washoe and Humboldt counties; includes 16 hydro-
graphic areas. It is characterized by small, high-
altitude valleys and includes a mixture of isolated
(topographically closed) and hydrologically con-
nected valleys. It is bounded on the west by
California, on the north by Oregon, and on the
southeast by the Black Rock Desert region.

Black Rock Desert Region: Covers 8,632 sg. mi.
of parts of Washoe, Humboldt and Pershing counties.
[t includes 17 valleys, two of which are divided into
twoO sub-areas each. It is characterized by both very
targe and small valleys, most of which are presently or
were tributary to the Black Rock and Smoke Creek
deserts (areas numbered 28 and 21).

Snake River Basin: Covers 5,230 sqg. mi. in parts
of Elko and Humboldt counties. The entire basin is
drained by the Snake River system in ldaho, which is
tributary to the Columbia River. The basin in Nevada
includes eight hydrographic areas and is characterized
by high tablelands and highlands. Except for Indepen-
dence Valley (area 36) the basin also includes deep
canyons.

Humboldt River Basin: The Humboldt River is
the largest stream wholly within Nevada. its basin
includes 34 hydrographic areas, over 16,843 sg. mi. in
parts of eight counties. The basin is characterized by
moderate to large sized, medium to high altitude
valleys that are tributary to the Humboldt River. The
river flows westward, generally terminating in Love-
lock Valley and White Plains (areas 73 and 74). No
topographic divide exists between White Plains and
the Carson Desert (area 101), a part of the Carson
River Basin. Because water seldom flows between the
two areas, and therefore between the two river basins,
an arbitrary boundary was established.

West Central Region: Although it includes parts
of Pershing, Lyon and Churchill counties, this is a
smafl region, covering only 1,656 sq. mi. and com-
posed of only five hydrographic areas. It is charac-
terized by moderate and small sized, mostly medium
altitude valleys and is similar to the Central Region
where topographically closed valleys predominate.

Truckee River Basin: Also relatively small (2,300
sq. mi.) this basin includes parts of Washoe, Pershing,
Douglas, Ormsby and Storey counties. It contains 12

10
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valleys and river segments of the Truckee River,
which ultimately discharge into Pyramid Lake (in
area 81), and which at one time also discharged into
Winnemucca Lake (in area 80). The basin has small,
medium to high altitude valleys. The Truckee Canal
now carries much of the Truckee River flow of the
Tracy segment (area 83) across the Fernley area (area
76) of the West Central Region to Churchill Valley
(area 102} of the Carson River Basin, where it is
stored in Lahontan Reservoir for use in the Fallon
area.

Western Region: Wholly within Washoe County,
it consists of nine valleys, one of which, Lemmon
Valley (area 92), is divided into two sub-areas by a
low alluvial divide. The region covers 577 sg. mi. and
is characterized by small, medium to high altitude,
mostly isolated valleys, similar to those which pre-
dominate the Central Region.

Carson River Basin: This area’s 3,519 sg. mi.
cover parts of six counties. |t consists of five valleys
that ultimately discharge to the Carson Desert (sink).
The basin contains moderate to large sized, medium
to high altitude valleys and, as explained above,
receives flow diverted from the Truckee River Basin
and intermittent natural flow from the Humboldt
and Walker River Basins.

Walker River Basin: includes 3,048 sq. mi. of
Mineral, Lyon and Douglas counties. The basin is
composed of seven hydrographic areas featuring small
to moderate sized, medium to high altitude valleys.
All areas are drained by the Walker River system
which ultimately discharges into Walker Lake (in area
110B). Infrequently — when the Walker River is at
high flood stage — Mason Valley {area 108) drains to
Churchill Valley {area 102) of the Carson River Basin
through Adrian Valley.

Central Region: This is by far the largest hydro-
graphic region of Nevada; it covers about 46,783 sq.
mi. in 12 counties, which is 42 percent of the state.
The region includes 89 valieys that are generally large
in size, medium to high in altitude, and are mostly
isolated, though some have interflow of surface
water.

Great Salt Lake Basin: Covers 3,807 sq. mi. of
the easternmost parts of Elko, White Pine and
Lincoln counties. The basin in Nevada consists of 11
high altitude hydrographic areas that drain eastward
to the Great Salt Lake in Utah.
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Escalante Desert Basin, also called Escalante
Valley: Covers a large area in Utah, but only a very
small part of the basin is in Lincoln County, Nevada.
1tsarea in Nevada is only 106 sq. mi. The Nevada part
has a high altitude and surface water flows to Utah.

Colorado River Basin: Includes parts of Clark,
Lincoin, Nye and White Pine counties and is divided
into 27 hydrographic areas covering 12,376 sq. mi.
The basin is characterized by small to moderate sized,
medium to low altitude valleys. All but three of the
hydrographic areas are tributary to the Colorado
River system which flows to the Guif of California.
Two of the non-contributing areas — Garnet and
Hidden Valleys (areas 216 and 217) — are topographi-
cally closed but are completely surrounded by areas
that drain to the Colorado River. The third non-
contributing area is the southern part of the Three
Lakes Valley (area 211). Lee Canyon discharges flood

water on an alluvial fan; the flow may go eitr"]

eastward to the Colorado River drainage or nor@
ward to the dry lake in the southern part of Three
Lakes Valley, depending upon which distributary
channels the flow occupies.

Death Valley Basin: The part of the basin in
southern Nevada includes nine hydrographic areas
and covers 2,593 sq. mi. of Nye and Esmeralda
counties. The basin in Nevada is characterized by
small to moderate sized, low altitude valleys that are
all tributary to Death Valley in California.

Gus Bundy



Summary of Data

Data are summarized in the tables for each of the 14
hydrographic regions and basins, and a state summary is given
at the end of each table. Here are the principal totals for the
state:

Acre feet per year,
(except as otherwise stated)
Precipitation:
Estimated annual average . . ... ......... 5’7‘,000,000

Surface water:

Estimated runoff from mountains . ... .. .. 3,200,000
Estimated inflow crossing the state

line (excluding the Colorado River) ... .. 1,300,000

Colorado River ... ... ... ......... 9,700,000
*Estimated outflow crossing the state

line (excluding the Colorado River) ... .. 700,000

Colorado River .. ................ 9,400,000

.Surface water storage capacity

(excluding Nevada’s portion of

Lake Mead, Lake Mohave, Lake Tahoe

and Topaz Lake inac. ft.) ........... 25,000,000

Lake Mead (Totat Capacity, ac. ft.) .. ... 29,700,000

Lake Mohave (Total Capacity, ac. ft.} . ... 1,820,000

Lake Tahoe (Total Capacity, ac. ft.) .. .. 122,000,000

Topaz Lake (Total Capacity, ac. ft.) .. .. 59,400

Ground water: {Ground water budget for
valley-fill reservoirs)*

Estimated ground water inflow . ... ... ... 2,000,000
Estimated ground water outflow . ... ... .. 2,000,000
Ground water recharge

from precipitation .. .............. 2,200,000
Perennial yield of valley-fill

TESETVOITS . o v e v e e e e 1,700,000
Ground water stored in upper 100 feet of

saturated valley fili (ac. ft. . ... . ...... 250,000,000
Estimated transitional

storage reserve (ac. ft.) .. ........... 84,000,000
Estimated outfiow crossing the

stateline . . . ... .. ... . 150,000

Estimated inflow crossing the

. stateline . .. ... ... ... .. .. ... ... . 3,000

* Includes 1970 flow to Lake Mead from Las Vegas Wash
* Water underground in a given valley.

NEVADA'S WATER RESOURCES

HYDROLOGIC SUMMARY

Explanation of Table Headings
Table 1

General

As previously indicated, most of the information
shown in the tables has been derived as a result of the
cooperative program between the Department of
Conservation and Natural Resources and the U.S.
Geological Survey. The reader is directed to the
Reports referenced in Table 1 for more detailed
information on the individual hydrographic areas.

Water Budget

Two types of water budget have been computed
for the hydrographic areas — a ground water budget
for dry areas, and a water resources budget where
there are relatively larger amounts of streamflow (see
below for details). For a few areas, budgets have been
computed identifying the average amount of inflow
to and outflow from both the ground water system
and the combined surface water and ground water
systems.

For natural conditions and over the long term —
assuming that climatic conditions remain reasonably
constant — ground water inflow to and outflow from
an area are about equal. Thus, a ground water budget
can be used to: (1) compare the estimates of natural
inflow to and outflow from each valley; (2) deter-
mine the magnitude of errors in the two estimates
provided that one or more elements are not estimated
by difference; and (3) select a value that represents
both inflow and outflow. This value is listed in Table
1 and is identified by an “a"’ following the number in
the “Water Budget'' column in Table 1.

The water resources budget is the quantity
selected to represent both inflow and outflow. It is
similar to a ground water budget, except that both
surface water and ground water inflow and outflow
are elements of this budget. This value is identified by
a "'b" following the number in the “"Water Budget"
column in Table 1.

Water Yield
Also computed for the hydrographic areas are
two types of water yield — perennial yield and system

12
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yield. The relationship between these is similar to
that between the ground water budget and the water
resources budget described above; however, because
of the uniqgueness of the various hydrologic areas
scientific judgment is also a factor in interpreting the
relationship between water budget and water yield.
Perenniat yield of a ground water reservoir may
be defined as the maximum amount of ground water
that can be salvaged each vyear over the long term
without depleting the ground water reservoir. Peren-
nial vyield is ultimately limited to the maximum
amount of natural discharge that can be salvaged for
beneficial use. Perennial yield cannot be more than
the natural recharge to a ground water basin and in
some cases is less. An example of such a condition is
Pahrump Valley (162). In_Pahrump the average
annual recharge is estimated to be 22,000 acre feet,

however...because. of _the. ﬁlﬁlculty .in-salvaging. the

subsurface outflow from the deep carbonate-rock
reservoir, the pérennial yield is only 12,000 acre feet
myleld is identified by a “C" following the
number under the “Yield'* column in Table 1.

System vield is defined as the maximum amount
of surface and ground water that can be obtained
each vyear from sources within a system for an
indefinite period of time. System vyield cannot be
more than the natural inflow to or outflow from a
system. Generally, estimates of system yield are based
on the following limitations and assumptions: (1)
present beneficial uses represent salvage and are
therefore included; (2) most evapotranspiration dis-
charge can be salvaged; (3) half the surface water
outflow and ground water outflow can be salvaged
{up to all of the surface water if a dam is feasible);
and (4) the estimated system yield is within the limits
allowed by legal appropriations and decrees. This
value is identified by the “'d"’ following the number in
the “Yield"”" column in Table 1.

Ground Water in Storage

The amount of ground water in storage in a
valley reservoir is estimated to average about 10
percent of the volume of the saturated valley fill. The
quantities of stored ground water listed in Table 1 are
for each (one) foot of thickness. Therefore, the
storage in the upper 100 feet of saturated alluvium is
100 times this quantity.

13

Transitional Storage Reserve

Transitional storage reserve is the gquantity of
water in storage in a particular ground water reservoir
that is extracted during the transition period between
natural equilibrium conditions and new equilibrium
conditions under the perennial-yield concept of
ground water development.

In the arid environment of Nevada, the tran-
sitional storage reserve of such a reservoir means the
amount of stored water which is available for
withdrawal by pumping during the non-equilibrium
period of development, (i.e., the period of lowering
water levels).

In valleys where natural discharge is partly or
entirely by sub-surface outflow, the amount that can
be salvaged with a dewatering (taken from storage) of
50 feet is estimated to average roughly 50 percent of
the outflow. The transitional storage reserve estimates
for the regions are based on an average dewatering of

30 to 40 feet of valley-fill reservoir. These values a‘

shown for each region in Table 1-A,

Report References
References to reports, prepared by the U.S.
Geological Survey, describing hydrographic areas are:

“R" — Nevada Water Resources Reconnaissance
Series Reports; "'B” Nevada Water Resources
Bulletins; ""W'" — Water Supply Paper, U.S. Geological

Survey; and ‘P’ — Professional Paper, U.S. Geo-

logical Survey.

Region, Basin and State Totals

Note that the total ground water, water resources
budgets, perennial yields and system yields for each
basin, region or the state are not necessarily the sum
of the individual areas. This is because quantities of
water circulate among hydrographic areas (valleys)
within regions, basins and the state, and therefore
must be included in two or more area budgets. All
other water guantities are generally additive.

footnote from page 3

1

Shamberger in the forthcoming U.S.G.S. Professional Paper 779, "'The
Story of the Water Supply for the Comstock’’. p 24.

From the Virginia Evening Chronicle as quoted by Hugh A

Philip Hyde
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WATER FOR NEVADA




Philip Hyde

NEVADA'S WATER RESOURCES

CLIMATE AND PRECIPITATION DATA
Explanation of Table Headings
Table 2

Approximate Area

Each of the 254 hydrographic area units is shown
on the 1:750,000 scale (1 inch = 12 miles) edition of
the hydrographic area map (Figure b). The extent of
each hydrographic region and basin was computed as
the sum of the hydrographic areas within each region
or basin. For the computations, all digits are shown in
Table 2 so that their arithmetic sum is equal to the
total amount of Nevada, 110,540 sq. mi. However,
because the areas were not actually surveyed, they
may not agree precisely with areas listed in other
reports.

Altitude of Valley Floor

The altitudes of the valley floors were taken
from topographic maps; and are an approximate
average of the altitude range of the valley lowlands.
In general, the southern part of Nevada in and near
the Colorado River and Death Valley basins contains
mostly low-altitude hydrographic areas, the West
Central part of the state generally contains mostly
medium-altitude areas, and the East Central and
northwestern parts of the state contain mostly
high-altitude valleys.

Average Annual Precipitation

Precipitation is based on U.S. Weather Bureau
data. The quantities listed in the table are usually
estimates based on the period of record for several
nearby precipitation stations. The average annual
precipitation for the state as a whole is about nine
inches.

Growing Season

Length of growing season is based mainly on
temperature data from nearby weather stations,
atthough some other published sources of data were
also used. “Growing season’’ as used here refers to
number of days between the last killing frost (28° F.)
in the spring and the first killing frost (28° F.) in the
fall.

Climate and precipitation data are shown in
Table 2.
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GROUND WATER DATA
Explanation of Table Headings

Table 3

Ground Water Recharge from Precipitation

Precipitation is so scarce on the valley floors that
very little ever reaches ground water reservoirs;, most
of the valley recharge comes from precipitation in the
adjacent mountains. Water reaches the ground water
reservoir by seepage from streams on the alluvial
apron and by underground flow from consolidated
rocks. Yet even most of this precipitation evaporates
before infiltration, while some adds to soil moisture,
leaving only a small percentage to recharge the
ground water reservoir.

A method* used to estimate recharge assumes
that a percentage of the average annual precipitation
will recharge the ground water reservoirs. But in some
hydrographic areas, because of uncommonly large
precipitation, some of this recharge {computed and
listed in Table 3) may be rejected by the ground
water system. This excess water remains in the
streams and either flows out of the hydrographic area
or accumulates on playas, where most of it
evaporates, Recharge quantities preceded by an "“a”
in Table 3 probably are in part rejected; therefore the
actual ground water recharge is somewhat less than
computed.

The ground water budgets for some of the areas
shown in the table do not balance and additional
information will be required before the imbalances
can be completely resolved. An example of such an
imbalance is Honey Lake Valley (97). The ground
water recharge from precipitation is estimated to be
1400 acre feet per year and the ground water
subsurface inflow is nearly 600 acre feet for a total
inflow of approximately 2000 acre feet (Table 3).
The ground water evapotranspiration is estimated to
be 7000 acre feet, thus an imbalance of approximate-
ly B00OO acre feet per year exists. The imbalance is
probably due to a larger proportion of precipitation
becoming recharge or, there is an unaccounted for
routing of subsurface flow through the consolidated
rocks to the valley-fill reservoir.

Sub-surface Inflow
Sub-surface flow of ground water between
hydrographic areas of Nevada is common. Ground
water flow through atiuvium and consolidated rocks
was computed by means of a form of Darcy's law:
Q=0.00112TIW
in which “Q" is the quantity of flow, in ac. ft. per

year; “T" is the coefficient of transmissibility, in
gallons per day per foot; "'I'" is the hydraulic gradient,
in feet per mile; “W" is the width of the flow section
in miles; and factor 0.00112 converts gallons per day
to ac. ft. per year. The estimated guantity of inflow,
as well as the source area, is listed in Table 3 and

shown in Figure b.

Evaporation-Transpiration

In areas where ground water is close to the
surface discharge occurs by evaporation from soil and
by transpiration of plants that have roots to the water
table. These plants which tap ground water are called
“phreatophytes’’.

Ground water evaporates in some areas where the
depth to water is as great as 15 feet. And some
phreatophytes discharge ground water where the
depth to water is as deep as b0 feet.

Sub-surface Outflow

Ground water outflow is evaluated and estimated
similar to sub-surface inflow, as discussed above. The
estimated quantity of outflow, as well as the area
receiving the flow, is listed in Table 3 and shown in
Figure 5.

Region, Basin and State Totals

Region, basin, and state totals for sub-surface
inflow and outflow are not the sum of the individual
areas because quantities of water circulate among
hydrographic areas within regions, basins and within
the state. All other water quantities in Table 3
generally are additive.

Water Quality

Although ground water resources in Nevada are
large, many factors reduce the amount of water
which could economically be withdrawn. Some aqui-
fers are very deep, may vield only small amounts of
water to wells and are widely distributed, not
concentrated as are the demands on them. Water
quality is another important facet of water supply. In
many cases, ground water quality is not adequate for
drinking or other uses. Figure 3 shows some of the
known areas of poor quality water. The information
shown is largely based on analyses of waters from
wells and springs.

*Described by T.E. Eakin in Nevada Water Resources
Bulletin 12.
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WATER FOR NEVADA

SURFACE WATER DATA
Explanation of Table Headings
Table 4

Runoff from Mountains

Streamflow is measured on most of the principal
and some of the smaller streams in Nevada. But
runoff from many thousands of small streams, which
are locally and collectively important, is not mea-
sured. The term "‘surface water runoff’’ is subject to
some variation in definition. Its use here refers to
runoff from the mountains to the alluvial fan
estimated where the two meet which represents the
approximate point of maximum flow. Estimated
runoff is also shown in Figure b.

Inflow and Outflow ,

“Surface water inflow’ is the flow of surface@
water in channels into a hydrographic area from
another hydrographic area.

“Surface water outflow’ is similar to surface
water inflow, except that it is the quantity of water
flowing from one hydrographic area to another.
Surface water inflow and outflow is aiso shown in
Figure b.

"Surface water evaporation’ applies to water lost
by evaporation from streams as well as from lakes and
reservoirs.

Surface water flows are based on varying periods
of record.

Region, Basin and State Totals

Surface water inflow and outflow for each basin,
region and the state are not the sum of the individual
areas, because quantities of water circulate between
hydrographic areas within regions, basins and the
state and therefore are included for more than one
area. All other water quantities in Table 4 are
additive.

VARIATIONS IN STREAMFLOW

The water we use has its origin in precipitation, &
which is part of the hydrologic cycte. In simples )
terms, the cycle may be considered to start with the
water in the oceans which evaporates from the ocean
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surface. The vapor is carried infand where some of it
condenses and falls as precipitation. A part of the
precipitation is retained temporarily on vegatation, in
surface depressions or in the soil, and eventually
returns to the atmosphere by evaporation and trans-
piration. The rest flows overland and down the
channel of surface streams or infiltrates into the soil.

Some of the water that goes into the soil
percolates downward to recharge the ground water,
but much of it moves laterally to springs, rivers and
lakes. This water is subject to evaporation and
transpiration throughout its travels.

ft's important to note that the foregoing is an
oversimplification. All phases of the hydrologic cycle
occur simultaneously. And even though the sea is a
primary source some vapor in the air can originate in
inland water sources. Also, note that surface water
runoff can be flood runoff from snowmelt or
P thundershowers, or baseflow from springs and seep-
(@roe from areas of high water table. Finally it should
be stressed that the quantities in any part of the cycle
vary through wide limits throughout time and space.
Streamflow, for instance, is extremely variable in
terms of time, changing from minute to minute and
from year to year.

Large variations in average streamflow can be
shown merely by changing the period of record used
to compute the average. For this reason one should
be careful in comparing figures shown in this report
with other values. This is particularly true for the
major rivers such as the Colorado, Truckee, Carson,
Humboldt, Virgin and Walker.

This discussion concerns itself mainly with the
long-term, or year to year variations.

The average seasonal pattern of streamflow for
various streams and in different areas is shown in
Figure 1. But keep in mind that because the pattern
varies so widely, this average provides only a rough
indication of the amount of flow or precipitation to
be expected in any given year.

Figure 2 shows the variations in streamflow from
year to year for ten selected streams for the period of
continuous flow record. The flow may be above or
below average in any given year or in several

successive vyears; long-term trends in streamflow
(.commonly are hard to establish because of man-made
changes in the environment.

However, Figure 2 shows the past trends as a

Philip Hyde

NEVADA'S WATER RESOURCES

cumulative departure from average stream flow. An
upward slope on the line over a period of years
indicates a wet period; conversely, a downward slope
indicates a dry period.

Springs

Table 5 is a list of 85 of the larger and better
known spring of Nevada. Their locations are shown in
Figure 4.

Reservoirs and Lakes

Table 6 contains data on the surface area and
capacity of the principal reservoirs and lakes of
Nevada.

Major Man-made Diversions Across
Hydrographic Boundaries

Table 7 shows major man-made diversion across
hydrographic boundaries. The type of source, the
hydrographic areas involved, the estimated amount
diverted in 1970 and the primary use are delineated.
This information is also incorporated in Figure 5.
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WATER FOR MEVADA

fouwe 1 GRAPHS SHOWMNG
AVERAGE SEASONAL PATTERN
OF STREAMFLOW
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WATER FOA KEYADA

figwe ¢ GHAPHS SHOWING
CUMULATIVE DEPARTURE FROM
AVERAGE ANMUAL STREAMFLOW
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Figurs 4 BETTER KMNOWN SPRINGS OF NEVADA
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